We describe a simple method for stabilizing and extracting high-quality prokaryotic RNA from meat. Heat and salt stress of Escherichia coli and Salmonella spp. in minced meat reproducibly induced dnaK and otsB expression, respectively, as observed by quantitative reverse transcription-PCR (>5-fold relative changes). Thus, the method is applicable in studies of bacterial gene expression in a meat matrix.
A key component in understanding the ability of pathogens to survive in food products is to determine their response to food-related stresses. In recent years, advances in molecular techniques have enabled global studies of gene expression, using tools such as quantitative reverse transcription-PCR (qRT-PCR) and DNA microarrays. While these techniques have been employed in numerous studies examining the behavior of food-borne pathogens in broth or food-like broth models, only a few studies have investigated quantitative gene expression of pathogens in complex food matrices like dairy products (3, 7, 8, 11) or meat (4, 5, 9) . Such investigations have been impeded by the complexity of food matrices, by inherent PCR-inhibiting compounds, and by low levels of target molecules (1) . Diversity in foods necessitates methods applicable for different categories of food products. We wished to establish a method to investigate gene expression of bacteria directly from a complex food matrix that is often associated with transmission of pathogenic bacteria. As a model system we chose to study Salmonella spp. and verocytotoxic Escherichia coli in artificially contaminated minced meat.
Minced beef (8 to 15% fat) obtained in local Danish supermarkets was inoculated with a mix of strains of either Escherichia coli or Salmonella enterica. The E. coli mix consisted of E. coli serotype O26:H-(D3410), serotype O111:H-(D3411) obtained from Statens Serum Institut (SSI; Copenhagen, Denmark), and serotype O157:H7 from Danish beef meat (D3423) (2) . The Salmonella mix consisted of S. enterica serovar Dublin (D3414), S. enterica serovar Typhimurium DT193 (D3415), and S. enterica serovar Derby (D3420) obtained from SSI. From Ϫ80°C frozen stocks, all strains were cultured at 37°C for 24 h on Luria-Bertani agar (LB; Oxoid, Greve, Denmark). A single colony from each strain was cultured individually and diluted 1:10 in prewarmed LB, and the E. coli mixed culture and the Salmonella mixed culture were prepared by pooling equal volumes of the three E. coli or the three Salmonella strain cultures. The mixed cultures were incubated until an absorbance at 600 nm (A 600 ) of 0.5 was reached, corresponding to approximately 5 ϫ10 8 CFU/ml as measured by plate counts. Samples of 5.0 g minced beef meat were weighed in stomacher filter bags and were stored at refrigeration temperature (5°C) or on ice during processing. All experiments with meat samples were performed in two technical replicates and were repeated in three biological replications. Ten-milliliter mixed cultures, or dilutions thereof, were pelleted by centrifugation (5,000 ϫ g for 10 min) and resuspended in 0.5 ml LB to be used as inocula. Meat samples were inoculated and manually massaged for about a minute to distribute inocula. For heat stress conditions, meat samples were incubated at 45°C in a water bath for 30 min immediately after inoculation, and untreated controls were left at room temperature. For salt stress conditions, 1 ml of 17.5% NaCl solution was added to meat samples (5.0 g) to obtain 5% NaCl (in water phase) and were massaged manually before inoculation. Meat samples were stabilized with 10 ml RNAlater tissue collection medium (Ambion, Naerum, Denmark) and were manually massaged and left for 10 min in order to generate meat juice. The salt stress samples were stabilized with RNAlater 0 and 60 min after inoculation.
Meat juice (ϳ9 ml) was collected and transferred to centrifuge tubes. Bacteria in the suspension (approximately 1 ϫ 10 8 CFU per sample, determined by total plate counts) were harvested by centrifugation (5,000 ϫ g for 10 min), and RNA was extracted from the pellets. Noninoculated meat samples, determined to contain a negligible level of bacteria (Ͻ5 ϫ 10 4 CFU/g), served as controls to examine the presence of RNA from the natural microflora as well as eukaryotic RNA from the meat and were processed as described above.
RNA extractions were performed with the RNeasy kit (Qiagen, Copenhagen, Denmark). Pellets from meat samples and broth cultures were treated with 0.2 ml Tris-EDTA buffer (Tris-EDTA, 10:1; pH 8) containing 3 mg lysozyme and 0.004 mg proteinase K and were vortexed for 10 s every second minute during a 10-min incubation period at room temperature. Cells were disrupted using Fastprep (MP Biomedicals, Illkirch, France) as recommended by the manufacturer, followed by a wash step with buffer RLT containing 2-mercaptoethanol (14.3 M; 10 l per ml of buffer RLT). Samples were centrifuged at 14,000 ϫ g for 2 min, supernatants were transferred to new tubes, and 500 l of 96% ethanol was added. RNA extractions were continued according to Qiagen rec-ommendations, including an on-column DNase (Qiagen) treatment for 15 min. Purified RNA was quantified using a Nanodrop ND-1000 apparatus (ThermoScientific, Wilmington, DE), and the RNA quality was verified based on an optical density at 260 nm (OD 260 )/OD 280 absorption ratio of Ͼ1.95 and an OD 230 /OD 260 absorption ratio of Ͼ2.0, and the integrity was further assessed either electrophoretically following ethidium bromide staining or with a 2100 Bioanalyzer (Agilent, Palo Alto, CA), resulting in clear patterns with prominent 16S and 23S ribosomal bands and RNA integrity number values of Ͼ7 (Fig. 1) .
cDNA was synthesized using a SuperScript VILO cDNA synthesis kit (Invitrogen,Tåstrup, Denmark) with random hexamer primers and following the manufacturer's instruction, using 500 ng total RNA per sample (Invitrogen). Real-time PCR was completed on an ABI 7900HT Fast PCR system with SYBR green (Molecular Probes) as the fluorescent reporter. Primers (Table 1) were designed with Primer-BLAST (NCBI, Bethesda, MD). Amplification was carried out in triplicate in a 20-l final volume containing 2.0 l cDNA (100 ng), 10 l Express SYBR greenER qPCR supermix with premixed ROX reference dye (Invitrogen), and each primer at a concentration of 0.2 M. The cycling conditions were 95°C for 2 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. A subsequent melting curve determination between 60 and 95°C at a transition rate of 0.1°C/s confirmed the specificity of the PCR product. Each run included a negative control and a cDNA reaction without reverse transcriptase to rule out DNA contamination. Spectrophotometric measurements as well as quantitative PCR results showed none or very low contamination by RNA from eukaryotic tissue cells or background flora in noninoculated meat samples.
To investigate potential bias due to inhibiting components in the meat, extractions of RNA from bacteria inoculated in meat and LB broth culture were concomitantly conducted using the same protocol. Threshold cycle (C T ) values of the investigated genes were consistently found at expected levels in the control samples over the range of experimental setups (data not shown). Amplification efficiencies for the primers (Table  1) recognizing dnaK (heat stress), otsB (salt stress), and rpoD and gapA (reference genes) were assessed based on the slopes of standard curves. The efficiencies were Ͼ90%, and the correlation coefficients were above 0.99 after optimization.
Measured mRNA levels of the target gene were normalized to the mRNA levels of the reference genes (rpoD and gapA), which were chosen for transcript stability under the given experimental conditions (data not shown). Normalized values were used to calculate ratios of expression levels (relative fold changes) in treated samples versus untreated control samples (Fig. 2) based on the 2 Ϫ⌬⌬CT method (6). Using our RNA extraction method, it was possible to measure expression of bacterial stress genes in a food matrix by applying salt and heat stress. Following heat stress, an induction of dnaK expression was observed compared to untreated controls. Relative changes in expression of dnaK ranging from 24-to 41-fold were calculated for E. coli and Salmonella cultures (Fig. 2) , although with some variation between biological replicates. Likewise, E. coli and Salmonella expression of otsB was increased Ͼ30-and 5-fold, respectively, after salt stress (data not shown). The variation in fold induction may have been related to small variations in timing of the sampling, which can influence the induction level (10) . The extraction protocol was applied to meat samples inoculated with target bacteria levels ranging from 10 6 to 5 ϫ 10 9 per gram of meat, which all yielded sufficient RNA (Ͼ50 ng/l) and qPCR detection of reference genes (C T values of Ͻ30).
The current study demonstrates that it is possible to extract bacterial RNA suitable for gene expression analyses directly from minced meat. The initial stabilization of the RNA without lengthy procedures or toxic chemicals as well as the easy and fast extraction procedure renders the method highly suitable for the study of gene expression related to changes in a minced meat environment.
